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Thebasicproblemintheresearchdescribed
concernedwitha detemdnatlcmoftheimortance

inthisreporthasbeen
oftriplecollisionsin

thether.mdrelmmtion process(heatcapacitylag)ofgaseousmlxlmres.
Theexperimentalprograminvolvedthemeaeurementatul.trasonlcfrequen-
ciesofthevelocityofsoundinmixturesofthebasicdispersivegas
nitrousofideN20and_ty gasesnitrogenI?2,heliumHe,and
argonA. Widerangesofpressuressndcmcentrationsforthegasmix-
tureswerereqpiredintheexprkts toascertainthepossibleeffects
oftriplecolMsicms.

h Resultsofthe experimentshaveshownthatthethemalrelexatton
timesofthegasmixturesstudiedcanbeverywellexplainedonthe

u basisofbinarycollisionsaloneendthattriplecoil.lsionsdonotplay
a discerniblepartintheexcitationofmolecularvibrations.

Therudimentsofthetheoryofsounddis~rsionand~tlon
phenomnaarepresentedalongwithananalysisofthemennerinwhich
theeffectsoftriple colllshns mightk determined.

INTRODUC?IIION

h ttiultraemlcregion,thevelocityofsound isnotconstant
withY’eS~Ct tO freqHCy . The acce@edexplanationisthattheexcita-
tionanddeexcitationofmoleculsrvtbratlonefalltofollowveryrapid
acousticcycles.Henceathighfrequenciesthevi.bratimalspecific
heatofa gaslags,andthelaweredheatcapacityofthegasgtvesrise
toa highersonicvelocity.Forsimilerreasons,a highencmalous
absorptionoccursinthesamefreqmy renge.

Itisa well-knowneqerimental
h impuremolecules,eveninverysmall

u

factthatthepresenceofcertain
P~ortJiom,greatlyreducesthe
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“relsxattontime”ofthevibrationalenergy(i.e.,thetimenecessazy
forthadaparturefrm thenualequll.ibriumtobereducedto l/e & its
hltialvalue).A satisfactorye@anationofthis“tracecatalyst”
me~ haanotbeengiven.@ ~~ isdes=ibed~re f-
Ina previouspaper(ref.1).

VeryLLttlee~rimentalworkhasbeendoneusinghighconcentra-
tionsofaddedgases.Walker(ref.2)hasobservedthatscmeprevious
datacouldk e@ainednlcel.ybyattachinga relativelylarge@mtance
totheeffectoftriplecollisions.

b thestudiesraportedinthispaper,~ concentrationof
heliumHe,argonA,andnitrogenN2ha= beenaddedtofitrm
oxideN20,anda cw.tparisonhasbeenmadebetweentherolesplayedby
doubleandtriplecollisionsh theexcitationofvibrationalenergy.

ThisworkwasconductedatIowaStateCoUegeunderthesponsorship
andwiththefinancial-sistanceoftheNationalAdvism Cmmitteefor
Aeronautics.
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v coefficientofviscosity

e vibrationalrelaxationthe

F vibrationalrelaxationtire

.

b

Ofpuregas

Ofgasmixhlre

eu,e~,...vibrationalrelaxationt-s duetoonetypeofcolLLsion
U; expla~dintexbofPawr

h acousticwavelength

P = Vcl+ vre~

Wcl intensityabsorption
viscosi~andheat

coefficient,~r wavelength,dueto
conduction

izrtendtyabsorptiacoefficient,~r wavelen@h,dueto
vibrationalrelaxation

frequencyoflUOkCUhi? Vibratim

velocitycorrectionduetoabsor@ion

massdensity

fractlmalparticleconcentr&timofB gasInmixture

~ frequencyofsound,af

angularfrequencyatwhichinflectionpointofvelocity
disprsloncurvelies

=@-= frequencyatwhich~ OCCWB

- THEORYOFSONICDISPERSION

Richards(ref.3) derivesa usefulformulafortbevelocityof
sound.Neglectingtheeffectoffiniteamplitudesonveloci~(which,
atordinaryacousticlevel-e,producechangesoflessthan0.001percent),
hewrites:

(1) ●

m
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ForanidealgasthisleadstothefamlJiarexpression:
.

Videal=
()

2 :l+E =2jL
co (2)

However,evenatatmosphericpressure,velocitiesInmostgasesdeviate
frcxnthe abovevaluebyabout* percentbecause
A well-acceptedequationofstateisonedueto

P

*reaandbareusualJy
~stitutionofthisequation
p2,yields:

ofnonidealbehavior.
Van&r Waals:

(3)

determinedexperimentallyforeachgas.
intoequatim(1),neglectingternsIn

VW$=!!4M)+.QL
M-bp coM - ap

(4)

X& abme relationsassurenoabsorptiond soundinthetrans-
mitt~ medium.Whensoundispropagatedthroughanabsorbingmediuu,
thevelocityofpropagationisaffected.Richards(ref.3)derivesthe
equationwhichdescribesthiseffect:

()

~Jav

R.P.VC2 = + +.5$
%

(5)
1+*

inwhichV denotestheres3observedphasevelocityandtherealpart
oftheqlantltyVC2 givesthesquareofthevelocl~calculatedfor
themedium;a istheLatensityabsorptioncoefficient~r centimeter.

lhgenerel,absorptionisduetobothclassicaleffectsendthezmal
relaxation;thatis:

(6)
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Wm?e%1 iS theclassicalabsorptimpercentimeterobservedby
StokesandKirchoff:

4

&2f2
)

-lK
%1 = ---~

%
= Kclx

~v3

whereK iSthecoefficientofthe= conductivity.
developsa fozmulaforabsorptionperwaveIsngthdue
effects:

Prelax=

thederivationof

Sincea is

(7)

Richards(ref.3)
torelaxation

-1%em=-

[

R(C.- Cm)
A

1

(8)
CO(C.+ R) + u?f32C=(R+ Cm)

whichwild.bee- clearerina latersection.

usedonlytocalculateE,itisnotnecessaryto
recalculate~~ usinga VsnderWaalsgas.Foroneofthemost

()absorbinggaseslmown,carbondisulfide,R.P.VC2 differsfrcmthe
realphasevelocitybyabout0.17percent.

Theforegoi~,theoryof“classical”soundpropagationinidealand
real.gaseshasassumeda constantvelocityatti freqwcies(sxcept
as a de-s uponfrequency).Thatsuchisnottrueatallfrequen-
cieshasalreadybeenestab~shedqualitatively.

h ordinarygasesattemperaturesbelow2,0000 C (sothatmolecular
dissociationandelectronicexcitationeffectsam negligible),the
speclficbeatofa gasatconstantvolumisgivenby:

Co=%rans+%ot+%ib (9)

Athighsonicfrequencies,ashasbeenpointedout,excitationofvibra-
tionalenergydoesnotfollowtherapidadiabaticacousticcycle,and
~b tiOpS Out. If the specificheatatfrequenciesabovethedis~r.
sin regionisdenotedby C. andthatbelowthisregionby Co,one
mayUrite:

cm= %rans+ %ot (lo)

co=Cw+~b (n)

.

w
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Forixrbemediatefrequencies,agatna fomulaIsborrowedfrom
Richards(ref.3):

C&c.+’o-c.
l+ ius (12)

inwhich0 Isthevibrationalre-ticm timeofthegas(see
“Introductloll”).

E thesevaluesaremibstitutedintoequations(2)and(5),one
obtainsforanidealgas:

Vm’ ().RTl+$
M m

(13)

(15)

cor=s~, fora VanderWaalsgas:

,VW2~m +P(b-a) . R% ‘0+ u%zcm
M -bp M - *P C02+ ~2e2Cm2

(16)

!Ihermd.relaxation isusuallyeffectiveovera rangeofmorethan
6 octavesendexiststia different=gionforeachgasorgasmtxture,
makinge~rimentd.techniquesofmmsurment quiteUftcult. The
~ freq~cy at~ch theWlectlm petitofthevelocitycwve
occurs16glm w:

%= co/ecm (17)
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*

andthefrequencyofmaldmunabsorptionby:

%ax=-
moo.

(18)
h

SinceV. .9@ V= differonlybya fewpercent,thetwofrequencies
arequitecloseformostgases.~icalplqtsof # and p asfunc=
tionsof a areshowninfigure1.

— ..-
,- .-.,._

Fortunately,Vo, V=,snd ~ donotdependupontherelaxation
time e. Changesingascomposition,which.sresmallenoughtoleaveM
appreciablyunchanged,donotthereforechengetheshapeoftbedisper-
sicmcurvebutmerelydisplacethecurvealcmgthefrequencyaxis.Thus
fewermeas~ tsarenecess~toestablishthedispersivecurvefor
a givengasormixture.

—

A discussionofcollisionratesandthetheoreticalbasisofrelax-
ationtimesInvolvesscmeratherlengthytheoryandwillbecunlttedfrom
thisreport. Welker’sdoctoralthesis(ref.4)containsanoutlJneof
theworkwhichhasbeendoneonthisproblem.Expressionsforthepres-
sureandtemperaturedependenceofrelaxationtimesandthereforethe
sonicfreq-cyresultfralsuchtheory. ● “

ItIsthroughthedependenceoftheco~isionrateonpressure
thatthepressuredependenceoftherelaxationtim e isintroduced. d
Itcanbeshownthat,ifvibrationalexcitationissolelytheresultof
doubleCO~SiOXIS, e should be inversely proportional to the pressure
andtherefore~ Snd *, pro~rtionaltopressure.m, onthe
otherhand,triplecolJJsicmsareprimarilyresponsible,asWeLker
(ref.2)hassuggested,thedependenceoftheabovequantitiesshould - -
bedependentuponthesquareofthepressure.

TheImportanceofstudiestodeterminetherolesofvarioustyp3s
ofcolllsimisbroughtoutbytheabovediscussion.Graphssuchas
figure1 mighteasilybedras?nwith lo& alp or lo& m/p2 respec-
tively,asabscissa,dependinguponwhetherdoubleortriplecollisions
sremoreimportant● Thegraphcouldthen~ drawnwithgreateraccuracy
becausethepressurecanbevariedconttiuously,whereasthefreqmy
variationislimltedbytk nud.wrofdifferentcrystalsavailable.
First,hcmever,therelativeimportanceofthe two collisiontypesmust
b detemined.ELanideagas V. andV. wouldbeindependentof
pressure;ina red.gastheyen notquite@dependentbecauseofinter-
actionforces.ThusV. sad V. havea relativelysmeUdepe*nceon
pressure.

.-
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Thedependenceofsonicvelocityontemperature
ccmplexsinceVm, Vo,and e areaLLfunctionsof
of e on T isgi~n~:

1

9

isa Ilttle more
T. Thedependence

inwhichU,slsotemperaturedependent,isgivenby:

S beingtherangeofintermolecular

u-kT
forcessnd

(19)

(20)

(Z?l)

h equation(19),C representstheso-caUed“stericfactor”and m,b thereduced-SS OftWOCO~i71gMObCUkS.

~ velocity,asshowninequations(15)and(16),de~ndsexplic-
itly on T+/2,and,Inaddition,~b iSaninvolvedfunctionof T.
Therelatlwsimportanceofthesethreeeffectsindeterminingthe
tmrature de~ndence of V varieswithclifferentgases.lRLgures2
and3showtypicalcalculatedcurvesforN20.

Wamixture madeupofqptis ofgasBand l-gpsxkof
gasA,itCm be ShO’Wllthat

representstheobservedrel&ationtim
dueto-oUS typeSofCO~SiOIIS. ~.

+~(l-Q)+q?
em e- (22)

intermsoftherelaxationtime6
theaboveeqxation:

8
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F relaxation time

8M relexatim time
em relaxation time

em relaxation time
molecti

o~ re-tion time
molecti

e= relaxationtime
molecules

NACATN3210

obsened -.

duetocoUisionsbetweentwuA molecules

duetocollisionsbetweenthreeA molecules

duetocollisicmsbetweenoneA endOIle B

duetoC~iShlS betWeen tWO A andoneB

duetocollisionsbetweenoneA andtwoB

MostInvestigatorshaveassumedthattriplecollisionsarenot
relativelyimportantandwriteequation(22)thus:

L=-+JIL (23)
3 eu em

EuckenandAybar(ref.5)mcdifiedtheequationtofittheirdataIn
mixturesofcarbonylsulfi&andnitrogenendofcarbonylsulfideend
argon:

:= QJ+- (24)
a eti eB

andaivea theoreticalarmnentinfamr oftheireauatlon.Welker
(ref~2)pointedmt that-theirdatawouldalso
fmm equation(22)byneglectingtheeffectsof
collisions:

fit‘aneqwtionderived
AM, AB,a?ldABB

(25)

.

PrevioustotheIowaStateinvestigation,thelimiteddataofEucken
andAybarweretheonlydataonmixtureswithrelativelylargeB gas
concentrations,anddefiniteconclusionscmlldnotbedrawn.
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DESCRIPTIONW APPARATUS

TheinterferometerusedispatternedafteronedescribedbyTWfair
andpie~meier(ref.6)witha numberoftifications.Theinterfer-
ometerisdesignedtoworkatpressuresfromO to3 atmospheressmdfram
roomtemperatureto450°C. Thechemberandmostcifthegas-handllng
eqtipuentareconstmctedofcorrosion-resistantstainlesssteel.

&ven X-cutqbz crystaMcovera freuencyrangeof200to
71,500kilocyclesinstepsofawroximately1 2 octave.Allthecrystals

usedhamsbeen5centlmtersIntiemeter,sinceithasbeenfoundthat
smnoyingcliffractioneffectscanbenoticedifthetransducerdiameter
isoftheorderofthewavelength(whichisusuallylessthan1 miUl-
n&er). Crystalnoisewasfoundtobeminimizedbyclampingthecrystals
withthreescrewsintheirnodalplanes.Contactwasmadewitht~
crystalbypaintinga conductivecoatingfrcu.utwoofthesescramto
oppositefacesofthecrystsl.

Theinterferometerandassociatedequipmentareshawninfigure4.
Ontheleftaregascytirs - pressuregeges.Onthetabk topare
a desiccatingchsniberendsystemsofKerotestdiaphr~valvestoccm-
troltheflowcd?gases.A vacuumprep,capableofevacuatingtheentire

. systemto0.1micron,Ismountedunderthetabletop. Theinterfer-ter
isattheri@t ofthetable.A removableovenhasbeenlawared,b the
figure,toshowthetestchamber.

8
ThestudiesInthispaperwereperformedslightlyaboveroomtemper-

aturesmdtheovenwasreplacedbya thermostaticallycentrolkdwater
bathheatedbyaninfraredlamp.

Thegas-handlingsystemisshowninfigure5. Gaseswhosemoisture
contentIsobjectionablecanbestoredunderpressureincontactwith
Qhos@orus~ntoxideP205inthedryingchamber.A liquid-nitrogencold
trapisusedtorenmvenoncondensablegasessuchasnitrogenandargon.

Figure6showstbedetailsofthectiber.Theacousticreflector
isanopticaUyflatstainlesssteeldiskmountedm theendofan~ver
rod.TomaintainparallelismbetweenthereflectorandcrystsLsurface,
theImvarrodhasbeenprecisiongroundendmovesthrougha bearingwtth
O.0001-inchclearance.A Gaertnermicrometerslldewitha leastcount
ofO.ml millimeterisusedtodrivetherodandreflectorina vertical
directionsndcanbe seenatthetopoftheInterferometer.A special
ad@stablemountingplusa counterweightminimizestrainsinthemicrom-
eterandrod.
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Toachievethedesiredprecision,itisnecessarytosetthereflec-
torendcrystal.faceve~ nearlyparsdllel.ThiscanbedonebyadJusting
threemicrometerscrewsonthecrystalmuntingtable.OpticalJyflat
crystalshavebeentried;but,because& clifficultiesencountereddue
tothepooradherenceofcrystsJplatingon@u& polishedsurfaces,
etchedcrystalshavereplacedthematallbutthehighestfreqyencles.

ThecrystaloscilhtorusedIsa variation& a circuitdueto
Boella(ref.7),andit is describedbyRossing(ref.8). PrecisimI
partsareusedthroughout,and,toreducenoiselsvelEfurther,battery
powerisused.~ ordertodetectchangesintheacousticfieldasthe
reflectorisdisplaced,a sensitivemicroamneterisplacedintheplate
supplyoftheoscillatorstageandbypassedwitha constantcurrent.
ThusitispossibletodetectchangesIntheplatecurrentof1 partin
10,~, themalnoisehing aboutthismagnitude.

Iiqyencyismeasuredbybeatingtheoutput& thecrystal(orone
ofitshamonics)againstthecarrierofa c~rciel broadcaststatirm.
Bycaperingthebeatnoteproducedwiththeoutputofanaudiooscil-
lator,anaccuracyof1 partin20,000isachieved.

PressuresfromO.~mUllmeterofnbsrcuryto3atmospherescenbe
measuredwitha two-meterU-tubemanometer.Pressuresof0.1micron
to ~ microns(0.0001to 0.25millimeter)of~rcurysrereadona
McLeodvacuumgage.

_rature messurementshavebeenmade‘witha goodquelitymercury
the~ter. Provisionshavebeenmadetousea platinumresistance
thermometerInthechamker,butthishasnotyetbeenfoundnecess~.
Tenq&raturecontrolatelevatedtemperaturesiseffectedbya Brown-
Honeywellautcmaticregulator.Forroa temperaturemeasurementtsa
mrcurythermostat,usedwithanInfraredheatingbulbanda Cenco
stirrer,keepsthewater-bathtauperatureconstanttowithinW.1°C!.

Thegasesusedintheexper-t, excepthelium,weresuppLLedby
Mathesmco.,Inc.,andwereofthehighestpurityavailable.The
heliruuusedwasBureauofMinesGradeA gas.Thenitrousoxideusedwas
purifiedbyfreezhgwithliquidoxygenandpumphgoffnitrogen,the
princtpal@uri@.

RPERmmcAL PRocfmJREm REsuLTs

Percentageconcentrationsweredetemlnedbyreadingthepartial
pressureofeachgasandthetotal.pressureofthemixlmre.Theaesuqp-
tionwasmadethatthepartialpressureswereadditive(whichisa good
approximationevenfora Van&r Wads gas).Gaseswereallowedtomix
forabout24hoursbeforemasuremntsweretaken.
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whenmesaurementsweremadenearthefrequencyof
. tion,only~ to~ nodescouldbermasured.~ other

13

maxhnlmabsorp-
casesasmanyas

70weremasurable.Sinceerrorsinfregyencyme~urementarevery
SmallL,mlocitymasurementswereascorrectasthewavelengthsmeas-
ured,ortoabout1 ~ in10,000.

IMringthecalibrationoftheIntetieromterwithresearch-grade
argon,a nondispersivegas& unusuallyhighpuxity,ensncmalywas
apparentintheacousticfield.Measuredvelocitieswerefoundtodiffer
fromthetheoretic--S by9 to17partSin10,000,dependingUpOIlthe
positioninthecupatwhichmeamrementsweremade.Thisencmalywas
laterfoundtobeduelargelytoerrorsintemperaturemeasurementt,
althoughcertainauthorshavepointedoutthatstandingwwesmaynot
beexactlyhdf wavelengthsapart.Appropriatecorrectimswere
appliedtothemeasuredvelocitiestoccmrpeneatefortheseerrors.

Thesecondcorrectionappliedtothedatawasthatduetoabsorp-
tionwhichhaebeenalreadydiscussed.Valuesof p werecalculated
fra eq~tion(8)andusedtocalculate~,thecorrectionfactorfor
absorption.

&asuremerrtsofthevelocityweremadewithB moleculaconcentra-
tionsof10,20,~, andn percenteddedtonitrousoxide,thebasic
gas● TherawdataareshownintableI. SinceV. end VW theveloc-
itiesatveryluwandveryhighfreqwncies,eraindependentofthe

●
rekxationtime,Itisconvenienttodtawa velocitydispersioncurve
frcunequation(16)us- anapproximatetiue ti e,therelaxation
t~, andmerelydisplaceitalongthesxls& abscissastogivethe
bestfitwiththeexperimentaldata.

Thesecurves,sodrawn,willbedifferentforeachconcentration
becauseofthedegnce oftk velocityonthemoleculsrweightand. VanderWaals’constantsa end b ofthegasmixture.Thelatter
cenbedeterminedfairlyaccuratelyfrcmrelationsgivenbyGkstone
(ref.9,p.298):

~~=(1-~}~A+6

1 (26)

wherethe subscriptsm, A,and B refertothemlxtu=andtheA end
B cmponents,res~ctim?ly.Ihplottingthesecurves~,thecorrection
forabsorption,wassetequaltounity.Forthecurvescited,anapprox-

●

hate relaxationtimeof10-6SeCcJldwasused.

●

.- ---- .—. .— —.- -.—. —— —-. . ..-
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~ velocitymeasurementsateachfreqyencywerecorrectedforthe
effectofabsorptionandfortheerrorsindicatedbytheargoncalibra-
tion.Afterthetheoreticaldispersioncurvewasdisplacedalongthe
frequency-S to”givethebestfitwiththesecorrectedvelocities,
thefreoyencyatwhichtheinflectionpointlaywasdeterminedfrcmthe
graph.Applicationofequation(17)thengave e,therelaxationtime.

Figure7showsa typicalgraphicaldetezmlnationof e. Thecor.
rectedvelocities,measuredatfrequenciesof3~,600,and1,000kilo-
cyclespersecond,areplottedasopencirclesandthe=al-gascurve
hasbeenpositionedtogivethebestfitwiththesemeasurements.An
ideal-gasdispersioncurveforthismixturehasteendrawnandits
inflectionpointindicated.Sincet~ real-gascurveisslightlyesylll-
mtrical.,hoinflectionpointcanbedetemined.Theinflectionpoint
ofthecorrespaudingideal-gascurveis,however,indicatedbya cross
justtotheleftaftilereal-gascurve.

Valuesof f~f, graphicu detemined,aregivenintableII
togetherwiththevaluesof ~ calculatedfrcmthem.b lightofti
errorsindicatedbytheargoncalibration,thevaluesof ~ areprobab~
correcttoabout3 to5 percent.

TableIIIshowsthevaluesof em calculatedfrom~ usingequa-
tions(23)and(24)(proposedbyEuckenandAyb~)andalsovaluesof
ew calculatedfra eqpation(25).~ doubleCO~iSi~ OL@ are
@ortant, em shouldbeindependentofpercentageconcentrations.If
excitationisduetotripbcollisions@, em shouJdbeconst~t
forgivenconstituents.AlsoinpureN20,ifdoublecollisionsare
solelyrespcmsible,relaxationtimeshoulddoubleaspressureishalved.
Thisisexactlywhathappens.FrcmtableIIIitisconcludedthat
ABcollisionsareprincipallyresponsibleforvibrationalexcitationin
N20-N2andinN20-Hemixtures.~ N20-AllliXtUreSitiSverydifficukh
toevaluatetherespectiverolesofABandMB coXLLsions.

ThevibrationalrelaxationtimemeasuredinpureN@,
e=0.93x 104 second,agreesverywellwiththat~portedbyEucken
andJaacks(ref.10),whomeasured0.92x 10-6second.Ontheother
hand,Fricke(ref.IL)reportsa valueof1.44x 10-6second.Fricke‘S
measurements,however,weremadeata frequencywellbelowthefrequen-
ciesofthepresentinvestigations.

IowaStateCollege,
Ames,Iowa,~ 26,1953. . .

●



mm ma3210 15
●

REFERENCES

1.Walker,Richard:*at Capacf~LaginGases.HACATN2537,1%1.

2.Wslker,RichardA.: QutheInterpretationofRelaxationTimeMeamre-
msntsinGasMixtures.Jour.Chem.Pbys.,vol.19,no.4,Apr.
1951,~. 4g4-kg7.

3. Richards,WilliamT.: SupersonicPhencunena.Rev.MqdernPhys.,
vol.il.,no.1,Jan.1939,pp.~-6k.

4.Walker,RichardALien:RoleofTripleColMsionsinExcitationof
MolecularVibrations.Ph.D.Thesis,IowaStateCollege,1952.

5. Eucken,A.,andAybar,S.: DieStosssnregungintremole~r
SCh~eR illG8SenundG8S?lliSC~e11.~ - Schallabsorptions-
unddispersionsMessungenen~, COSundibrenMiscbungentit
Zusatzgasen.2s.phys.Chemie,Abl.B~Bd.~, Nr.4,June1940,
pp.195-211.

6. Telfalr,D.,audPielemeier,W.E.: AnIinprovedApp-tusforSuper-.
sonicVelocityandAbsorptionMeasurements.Rev.Sci.~tr.,

● vol.13,no.3,Mar.1942,pp.122-126.

7. Boella,M.: Perfomance ofPiezo-Oscillationsandthehfluenceof
. theDecrenlentof@lartzontheFrequencyofoscillations.Proc.

hst.R8di0E?lgS.jml. 19,no. 7, July~31, pp. ~2-~.

8. Rossing,1!.Do: AnOscillatorforAcousticJnterferometry.M.S.
Thesis,IowaStateCollege,1952.

9.G1.asstone,Swnuel:Tbxtbookof~SiCd. tist~. D.VanNostrand
co.,Inc.,1940.

10.Eucken,A.,andJaacks,H.: DieStossenregungintramo~r
Sc~ inGasenundGasmischungenaufGrundvon
Scballdispersionmessungen.III-MessungenanStickoxydul.2s.
phys.Chemle,Abl.B,“Bd.30,Hr.2/3,Oct.1935,PP.~-w.

IL.Fricke, E.F.: TheAbsorptionofSoundinFiveTriatomicGases.
Jour.Acous.Sot.Am.,vol.XII,no.2,Oct.19k0,PP.245-2%.



16 mm m 3210

●

lli~ -ty. Mreatim n f= Ugm, 39.896.



3E NA.cATN3210

.

17

2 atmN20
1 atmN20
1/2atmN20
l/hatmN20

90.0$%N20and10.0SA
80.0SN20and20.0%A
70.0~N20end30.0%A
50.0~N20andX.(3%A

90.0~N20and10.0$N2
80.0~N20and20.0%N2
70.0~N@ and30.0~N2
x.0~N20and50.0#N2

f’im} T,
kcps sec

m 0.465x 10-6

250 .93(AAA)
124 1.87
62 3.75

223 1.02
194 1.15
tig 1.29
124 1.65

233 .96
217 1.00
lgg 1.06
173 1.13

445 .51
650 .342
m .272

1,140 .180
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TABLEIII .

COMPARISONOF f3m ANDem V-

Gas em em em
using using using
eq.(23), eq.(24), eqo(25),

sec sec sec

-6 -6 -690.0~H20and10.0%A 1X1O 0.8X lo 1X1O
80.0~IV@endX).@A 2 .9 2
70.0$N20d 30.0$A 1 .9 .8
~.0~N20and.x.d A ●7 .7 .35

9.0%N20and10.0%N2 1.4 ●5 1.3
80.0%N20end20.0%N2 1.4‘ ●5 1.1

70.0$ N20e-ud30.0%N2 1.67 .al 1.11
500@N20and50.~N2 1.45 .41 ●73

.08390.0$%N20and10.~Hk ●101 .Ogl
80.0$#N20and20.~He .097 .072 .078
70.0%N20and30.@He .102 .067 .on
50.WN20and50.~Ee .099 .047 .050

.

.
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Figure 1.- Sonicvelocityandabsorptionversusfreqwcyforthermal
relaxationprocess.
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l?lgure3.-Isobarictemperaturevartationofsonicvelocityin
dispersivegasatconstantacouaticfrequency.
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To micrometer

To oscillator
-

/
Tungstenieads---
searedin glass

Ill
4

Transi
Synt
insul

screw
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k
/0

P’IIPPrecision---- ‘---’ ‘-
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Crystalleveling--===:
scfews
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I
1, ,4rass cooling
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Figure6.- Ihterfermetercupshwingcrystalmounting.



9.933XI04

9.025 ‘

9.700

a

19.575 -
E

01- .

:

:9.450 -
>

ldml

9.325

woo ~ /

9.075~
10 ,& lo~

, ,

1!


